This narrative synthesis aims to examine the dietary intake, diet quality, and dietary preferences of pediatric cancer patients during cancer treatment. Thirteen studies were eligible for review. Studies mostly investigated nutrient intake, with 7 reporting on children's food intake. There was consensus among studies, which reported suboptimal fruit and vegetable intake and a preference for savory, carbohydrate-based foods. Results suggest that pediatric cancer patients consume a limited variety of foods, with a high intake of noncore foods. Future research should aim to examine dietary food data against dietary guidelines to assess adequacy and variety within core food groups.
Introduction 1
Improvements in medical therapy for paediatric cancer patients has led to an 2 increase in overall childhood cancer survival rates. 1 Adult survivors of childhood 3 cancer are at an increased risk of developing chronic long term health conditions 4 such as obesity, cardiovascular disease, metabolic syndrome and osteoporosis. 2-4 5
Health-related research has recently commenced, to address the late effects of anti-6 cancer treatment on survival quality in both adult and child survivors of childhood 7 cancer. 2, 3, 5 In the non-cancer population, a healthy diet has been shown to reduce 8 the prevalence of the metabolic syndrome. 6 These chronic conditions seen in adult 9 survivors of childhood cancer, all have the potential to be reduced and managed 10 through healthy dietary behaviours similar to that seen in the general adult 11 population. 7 12 13 Prospective studies identify that up to 70% of adult childhood cancer survivors with 14 metabolic syndrome do not consume a heart healthy diet. 2 Exploration into the 15 dietary habits of adult survivors of childhood cancer has revealed inadequate intakes 16 of fruit and vegetables and an excessive intake of saturated fat. 2, 8 Female and male 17 adult survivors of childhood cancer with a poor diet are 2.4 and 2.2 times, 18 respectively, more likely to be diagnosed with metabolic syndrome than those who 19 meet recommended dietary guidelines. 2 It appears these poor dietary habits 20 prevalent in survivorship are manifesting early after treatment completion. 9, 10 Young 21 survivors of childhood cancer have been shown to have inadequate intake of calcium 22 and folate. 9 Parents of young survivors of childhood cancer report their children have 23 a suboptimal intake of fruit and vegetables, and an excessive intake of discretionary 24 foods. 10 They also identify that the dietary habits of their children have changed 25 compared with their dietary habits prior to diagnosis. 10 26 27 Adequate nutrition for children is essential to ensure their optimal growth and 28 development, with good dietary habits enabling them to build sufficient muscle and 29 bone mass. The aetiology of the development of poor dietary intake and habits in 30 both young and older survivors of childhood cancer remains unknown. Reasons for 31 these changing dietary habits may include long term changes in taste and smell 32 function 11 or alterations in appetite regulation. 12 Negative side effects of cancer 33 treatment can also impact on nutrition, including nausea, vomiting, mucositis and 34 altered taste sensation. These side effects cause a reduction in oral intake, 13 35 causing childhood cancer patients' motivation to eat to be low. 10, [14] [15] [16] Alterations in 36 dietary patterns as a consequence may become longer-term dietary habits 37 potentially due to a lack of exposure to good dietary practices on-treatment. 38
39
To prevent treatment-related weight loss and malnutrition it is common for health 40 professionals to encourage a high energy diet during treatment for childhood 41 cancer. 17 Parents may also alter their strategies towards managing their child's 42 dietary intake. 10, 16 Parents may start using more negative feeding practices such as 43 reducing levels of discipline during meal times and introducing unhealthy foods to 44 increase their child's intake. 18 Parents and carers commonly reward intake of any 45 kind during treatment for their child's cancer, rather than focusing on habits likely to 46 be healthy in the longer term. A prior experience, will affect how likely a person will 47 select a food for a second time. 19 While there is literature highlighting areas of concern in relation to diet. [24] [25] [26] 
Eligibility criteria 83
Primary research studies were eligible if they investigated the dietary intake, quality, 84 or preferences of children and adolescents aged one to 17 years of age during active 85 treatment for cancer. There were no restrictions on cancer type or treatment regimen 86 (radiotherapy or chemotherapy of all types). Studies were excluded if they assessed 87 dietary intake during maintenance therapy only. Studies were required to report 88 detail of food intake at a minimum, with studies reporting only energy intake as a 89 measure of intake excluded. Studies were also excluded if they were case studies. 90
Data extracted from eligible studies included: publication authors, year and country; 100 population characteristics, including number of participants, age, diagnosis and 101 treatment; dietary data collection methods; and food and/or nutrient intake results. 102
We deemed a child's nutrient intake to be adequate if their intake was greater than 103 or equal to 90% of recommended intake for that child's country of origin. 
Characteristics of studies 117
After removal of duplicates, 1729 articles were initially screened. The majority of 118 articles were excluded based on title and abstract with 41 articles undergoing further 119 review ( Figure 1 ). Thirteen studies 10, 15, 16, 30-38 were eligible for critical appraisal. Of 120 these, three were case-control studies, 38-40 six were case series studies, 30, 31, 34-37 121 and four were of cross-sectional design. 10, 15, 16, 32 All studies reported on participants 122 who were receiving chemotherapy. Four studies 30, 31, 37, 39 also reported some study 123 participants receiving radiotherapy, with one study 39 reporting on two participants 6 receiving both chemotherapy and radiotherapy and one 37 reporting on four 125 participants receiving radiotherapy only. Two studies 30, 31 did not specify participant 126 treatment regimen. 127 128 Two studies 37, 39 quantitatively reported children's food intake, (Table 1) 
Quality of the evidence 136
Quality assessment guided by the AND quality rating checklist resulted in nine 10, 15, 137 16, 30, 32, 36-38, 40 studies rated 'positive', three 34, 35, 39 'neutral' and one 31 'negative' 138 (Table 5 ). The majority of studies (n=9/13) 10, 15, 16, 30-32, 34, 36, 37 were graded as the 139 lowest level of evidence (level IV) according to the NHMRC's level of evidence 140 hierarchy, though three 38-40 were graded as level III-2, and one 35 as level III-3. All 141 studies, irrespective of their reported intakes, quality rating and level of evidence 142 were reviewed in order to provide general descriptions of outcomes and 143 recommendations for future research. 144 145
Dietary data collection methods 146
Four studies 10, 15, 16, 32 assessed dietary intake through semi-structured interviews. 147
Two 15, 16 of these studies employed reflective interviewing techniques to determine 148 the effects of treatment on oral dietary intake. One study 10 conducted telephone 7 interviews with parents of childhood cancer survivors, whilst the other utilised 150 photographs, drawings and writing to prompt answers from children and their 151 parents. 32 Two studies 15, 16 used face-to-face interviews with parents of children at 152 various stages of treatment, with one 16 interviewing both the child and their parent/s. 
Food intake and food preferences 163
Food groups assessed by studies varied, however there was a general consensus 164 among studies reporting suboptimal intake of fruit and vegetables. 37, 39 Fuemmeler et 165 al. 39 reported children's food intake as number of serves consumed compared to 166
Dietary Guidelines for Americans. Foods were grouped as fruit, vegetables, fried 167 potatoes and snack chips, soft drinks, sweet beverages, milk, yoghurt and cheese. 168
Comparisons to recommended serves per day of three of the five core food groups 169 (fruits, vegetables and dairy products) were made in some papers, whilst grains and 170 meat/alternatives were not reported. This revealed that children were not meeting 171 recommended intakes for the three core food groups assessed. Overall low fruit, 172 vegetable and dairy consumption were reported by Soliman Baghat et al. 37 with 30% 173 of children consuming foods from these food groups. Considering other core foods, only limited studies reported meat intake during treatment (n=2). Results were 175 conflicting, with one study reporting participant meat intake to have decreased 176 significantly when compared to pre-treatment 37 and another reported an increased 177 desire to eat meat. 34 178 179 Studies describing the dietary preferences of patients during treatment reported an 180 increased preference for savoury and carbohydrate based foods specifically, bread, 181 pasta, rice and potato dishes (n=5). 10, 15, 16, 32, 34 Takeaway foods, junk foods and 182 salty foods were also reportedly purchased by parents for their child with cancer 183 more regularly than usual (n=4). 10, 15, 16, 32 Two studies 16, 32 reported that children on-184 treatment for cancer had an increased preference for foods with strong flavours, 185
including spicy and sour foods, with one study 16 reporting an avoidance of sweet 186 foods. One study 10 described a reduction in fruit and vegetable intake. 187 188
Nutrient intake 189
The micro and macronutrients assessed differed greatly between studies (Table 3) . 190
Seven studies reported mean nutrient intake as a percentage of recommended 191 dietary intakes. 16 Two studies reported nutrient intake as a total percentage of children meeting the 201 recommended intakes (Table 4) , therefore, comparison to individual adequacy of 202 recommended intakes could not be made. The studies did compare treatment intake 203 to pre-treatment intake however results between the two studies were conflicting. 204
Micronutrients assessed in the studies differed and protein intake was assessed in 205 both. One reported an increased 34 intake of nutrients during treatment and the other 206 reported a decreased intake. 37 Protein was the only nutrient assessed by all studies. 207
Protein intake recommendations were met in six of the nine studies. 208 209
Discussion 210
This narrative synthesis is the first to systematically evaluate dietary intake and diet 211 quality in children receiving active treatment for cancer through describing on-212 treatment diet intake and food preferences and comparing intake to recommended 213 dietary guidelines. Measurement and reporting of dietary intake were highly variable 214 among studies. Altered dietary intakes and food preferences of childhood cancer 215 patients after commencing treatment were noted by all studies. The studies in this 216 review suggest that childhood cancer patients' dietary changes often involved an 217 increased preference for unhealthy foods. The changed dietary habits also included 218 an increased preference for carbohydrate based savoury foods and salty foods, and 219 a decreased intake of fruit and vegetables with subsequent impact on intake of micro 220 and macronutrients. 221
222
This narrative synthesis shows that the poor dietary habits of childhood cancer 223 patients are occurring during the intensive treatment period. This is concerning as 224 food preferences and habits of children established during childhood can persist later 225 in life. 21 A previously published review reporting on the dietary intake of survivors of 226 childhood cancer found that few consume diets that provide adequate nutrition. 41 227
Specifically, an insufficient intake of fruits, vegetables and calcium containing foods 228 suggesting that the dietary quality of survivors of childhood cancer is poor. 41 229 230
Poor diet quality combined with an increased risk of chronic health conditions within 231 this population 2, 42, 43 is concerning. Dietary intake may be reduced due to treatment 232 side effects resulting in nausea, vomiting, taste changes or oral mucositis. 44 233 Furthermore, food preferences during treatment may be significantly influenced by 234 both the treatment-related side effects combined with treatment drugs, specifically 235 steroids, which were recognised to impact on oral intake. Children receiving 236 treatment for cancer will often require nutrition support when their food intake alone 237 fails to provide sufficient energy and nutrients for growth. 238
239
Although this review attempted to assess nutrient adequacy within studies, overall 240 nutrient adequacy could not be determined as the nutrients assessed differed greatly 241 between studies and results were often confounding. Overall the dietary intake of 242 childhood cancer patients who are undergoing cancer therapy without enteral or 243 parenteral nutrition support (excluded here) are meeting the majority of their 244 recommended micronutrient intakes. Calcium was the only micronutrient that was 245 reported consistently as inadequate across all studies assessing nutrient intake. 246
Macronutrient intake results were less definitive, with inconsistencies reported 247 among studies assessing the adequacy of carbohydrate and fat intake as a 248 percentage of total energy. Protein adequacy may be at risk in some cases. 45 It is possible that nutrient intake is not a sensitive marker of dietary adequacy and quality 250 alone. 46 Simultaneous reporting of total energy intake may contribute to confirmation 251 of dietary adequacy from a perspective of meeting estimated requirements, however 252 total energy intake was not a focus of this review. Intake of nutrients including sugar, 253 saturated fat and sodium which when consumed in excessive amounts may 254 contribute to chronic disease burden and impact dietary quality 47 were not reported 255 by studies included in this review, yet they may be most relevant to investigate 256
where changes to practice may be required. This systematic investigation of dietary intake and quality in children receiving 301 treatment for cancer has revealed some evidence that dietary intake often meets 302 minimum recommendations for daily intake of micro and macronutrients. There is fair 303 evidence that children's dietary intake alters during treatment and some evidence to 304 suggest that this intake is of a poor quality, with fruits, vegetables and calcium 305 containing foods perhaps areas to be targeted for review. Comprehensive 306 conclusions cannot be made due to conflicting results and a lack of dietary data 307 describing food intake both qualitatively and quantitatively. Although lacking in 308 numbers, studies reporting food intake did describe similar unhealthy food 309 preferences. Longitudinal cohort or interrupted time series studies that take into 310 consideration the recommendations presented by this review are warranted in order 311 to strengthen this evidence base and assist with the development of appropriate 312 
